Cancer pathogenesis is restricted by stresses that compromise cell division and survival. In this study, we identify miR-708, a little studied member of a set of microRNAs that have been implicated in stress control, as an important tumor suppressor in renal cell carcinoma (RCC). miR-708 expression was attenuated widely in human RCC specimens. Restoration of miR-708 expression in RCC cell lines decreased cell growth, clonability, invasion, and migration and elicited a dramatic increase in apoptosis. Moreover, intratumoral delivery of miR-708 was sufficient to trigger in vivo regression of established tumors in murine xenograft models of human RCC. Investigation of the targets of miR-708 identified the inhibitor of apoptosis protein survivin as important. siRNA-mediated knockdown of survivin partially phenocopied miR-708 overexpression suggesting that the proapoptotic role of miR-708 may be mediated primarily through survivin regulation. Additionally, we identified the E-cadherin regulators ZEB2 and BMI1 as likely miR-708 targets. Taken together, our findings define a major tumor suppressive role for miR-708, which may offer an attractive new target for prognostic and therapeutic intervention in RCC. Cancer Res; 71(19); 1-12. Ó2011 AACR.
Introduction
The incidence and mortality rates of renal cell carcinomas (RCC) has increased in recent years with approximately 50,000 new cases and 12,000 deaths in 2010. Approximately 30% of localized RCC cases develop metastatic recurrence (1) with very poor prognosis because of the refractory nature of RCC to the current treatment regimens. Therefore, there has been much interest in the identification of biomarkers for RCC which could lead to development of better prognostic, diagnostic, and therapeutic interventions for the disease.
MicroRNAs (miRNA) are small noncoding RNAs that negatively regulate expression of multiple genes either by inducing translational silencing or by causing mRNA degradation (2) . It has been firmly established that miRNAs control various key cellular processes, such as proliferation, apoptosis, differentiation, and development (3) , and are implicated in human diseases, including cancer (4) . miRNAs have been identified that function as classic oncogenes or tumor suppressor genes (4) . Genomic deletion or epigenetic silencing of a miRNA that normally represses expression of one or more oncogenes might lead to increased oncogenic expression. Alternatively, amplification, overexpression, or loss of epigenetic silencing of a gene encoding a miRNA that targets one or more tumor suppressor genes could inhibit the activity of an antioncogenic pathway (4) . Aberrant miRNA profiles have been noted in various cancers (5, 6) , including RCC (7) (8) (9) (10) . Owing to their tissue-and disease-specific expression patterns and tremendous regulatory potential, miRNAs are being assessed as potential biomarkers for diagnosis and prognosis of human malignancies (11) . Recent evidence shows that miRNAs play an important role in the pathophysiology of RCC. Several studies have been conducted to identify the RCC-specific miRNA signature (7) (8) (9) (10) though no consensus has been reached on which miRNAs are relevant for development and progression of this malignancy. As the molecular interactions of miRNAs with their cognate target genes in various tumor settings are being explored, the main objective of this study was to identify novel miRNAs that regulate renal carcinogenesis. In this study, we identified a crucial tumorsuppressive miRNA, miR-708, in renal cancer. Functional studies on miR-708 in RCC indicated that miR-708 is a proapoptotic miRNA that regulates renal carcinogenesis. miR-708 is a recently discovered miRNA (12, 13) which has not been extensively studied, though a few reports implicate miR-708 overexpression in lung carcinomas (14, 15) and childhood acute lymphoblastic leukemias (16) . This is the first report implicating a tumor suppressor role for this miRNA in renal cancer, where we show for the first time an important proapoptotic role for miR-708 in renal cancer.
Materials and Methods

Cell lines and cell culture
The nonmalignant SV-40 immortalized renal cell line HK2 and human renal cancer cell lines A498 and Caki2 were obtained from the American Type Culture Collection. The HK2 cell line was maintained in keratinocyte serum-free medium (GIBCO Laboratories) supplemented with 50 mg/mL bovine pituitary extract, 5% L-glutamine, and 5 ng/mL epidermal growth factor. A498 and Caki2 cells were cultured in Eagle's minimal essential medium and McCoy's 5A medium, respectively, each supplemented with 10% FBS (Atlanta Biologicals) and 1% penicillin/ streptomycin (UCSF Cell Culture Facility). All cell lines were cultured in a humidified incubator (5% CO 2 ) at 37 C.
miRNA/siRNA transfections Cells were plated in growth medium without antibiotics approximately 24 hours before transfections. Transient transfections of miRNA precursor (Ambion)/siRNA (Origene) were carried out by using Lipofectamine 2000 (Invitrogen) according to the manufacturer's protocol. miR-708 precursor (PM11161) or negative control (miR-CON; AM17110; Ambion) was used for assays. All miRNA/siRNA transfections were for 72 hours.
miRNA microarray
For miRNA microarray, total RNA was extracted from HK2, A498, and Caki2 cells by using a miRNeasy mini kit (Qiagen). The miRNA microarray analysis was carried out by a commercial company (Phalanx Biotech), using human v2 miRNA OneArray platform that is designed to contain 100% of miRBase Sequence Database Release 15.0.
Tissue samples
Tissue samples from radical nephrectomy were obtained from the San Francisco Veterans Affairs Medical Center (SFVAMC). Informed consent was obtained from all patients. All slides were reviewed by a board-certified pathologist for the identification of tumor foci as well as normal adjacent tissue. For microdissections, 4-mm slides were hematoxylin and eosin (H&E) stained, reviewed, and marked (tumor and normal areas) by a board-certified pathologist at the SFVAMC. After that, 10-mm nonstained sections were microdissected by using aforementioned slides as a template.
RNA and miRNA extraction
Total RNA was extracted from microdissected formalinfixed, paraffin-embedded (FFPE) tissues by using a miRNeasy FFPE Kit (Qiagen) and an RNeasy mini kit (Qiagen) was used for RNA extraction from cultured cells following the manufacturer's instructions.
Quantitative real-time PCR
Mature miRNAs and other mRNAs were assayed by using the TaqMan MicroRNA Assays and Gene Expression Assays, respectively, in accordance with the manufacturer's instructions (Applied Biosystems). Samples were normalized to RNU48 or glyceraldehyde-3-phosphate dehydrogenase (GAPDH; Applied Biosystems), as indicated. The comparative Ct (threshold cycle) method was used to calculate the relative changes in gene expression on the 7500 Fast Real Time PCR System. Cell viability, clonability, migratory, and invasion assays Cell viability was determined at 24, 48, and 72 hours by using the CellTiter 96 AQueousOne Solution Cell Proliferation Assay Kit (Promega), according to the manufacturer's protocol. For colony formation assay, cells were counted, seeded at low density (1,000 cells/plate or 200 cells/plate), and allowed to grow until visible colonies appeared. Then, cells were stained with Giemsa, and colonies were counted. Cytoselect Cell Migration and Invasion Assay Kit (Cell Biolabs, Inc.) was used for migration and invasion assays, according to the manufacturer's protocol. Briefly, 48 hours posttransfection, cells were counted and placed on control inserts or Matrigel inserts at 1 Â 10 5 cells/mL in serum-free medium and were allowed to migrate for 20 hours at 37 C. Cells were removed from the top of the inserts and cells that migrated/invaded though the polycarbonate/basement membrane were fixed, stained, and quantified at optical density (OD) 560 nm after extraction.
Apoptosis assays
Fluorescence-activated cell sorting analysis for apoptosis was done 72 hours posttransfection, using Annexin V-FITC/7-AAD Kit (Beckman Coulter, Inc.) for apoptosis analysis, according to the manufacturer's protocol. Stained cells were immediately analyzed with a flow cytometer (Cell Lab Quanta SC; Beckman Coulter, Inc.).
Adhesion assay
Adhesion assays were varied out 72 hours posttransfection by using a Cytoselect 48-well cell adhesion assay [extracellular matrix (ECM) array; Cell Biolabs, catalogue no. CBA-070] in accordance with the manufacturer's protocol. Briefly, cells were counted and plated at a density of 0.2 Â 10 6 cells/mL, incubated in a tissue culture incubator for 90 minutes to 5 hours at 37 C. After incubation, adherent cells were stained and quantified at OD 560 nm after extraction.
Renal cancer xenografts
We examined the antitumor effects of miR-708 by local administration in established tumors as previously described (17, 18) . Nude mice (4-to 5-week old; Charles River Laboratories; n ¼ 12) received subcutaneous injections of 3 Â 10 6 A498 cells in the right flank area in a volume of 100 mL. Once palpable tumors developed, caliper measurements were taken twice a week and tumor volume was calculated on the basis of width (x) and length (y): x 2 y/2, where x < y. When tumors reached an average volume of 100 to 150 mm 3 , 6.25 mg of synthetic miRNA (miR-708/miR-CON) complexed with 1.6 mL siPORTamine transfection reagent (Ambion) in 50 mL PBS was delivered intratumorally in 3-day intervals. Synthetic miRNAs are double-stranded, ready-to-use miRNA mimics and were purchased from Ambion, Life Technologies (pre-miR, catalogue no. AM17100). Mice were killed 2 days after the last treatment, tumors were collected, and total RNA was extracted from tumor tissues for reverse transcriptase PCR (RT-PCR) analysis. All animal care was in accordance with the institutional guidelines.
Statistics
All quantified data represent an average of at least triplicate samples or as indicated. Data are represented as mean AE SEM All statistical analyses were carried out by StatView (version 5; SAS Institute Inc.). One-way ANOVA or 2-tailed Student's t test was used for comparisons between groups. The Mann-Whitney U test was used to assess the difference between miRNA expressions in tumor and normal adjacent tissues. c 2 test was used for correlation analysis. Results were considered statistically significant at P 0.05.
Supplementary data
The supplementary data include supplementary methods, tables, and figures.
Results
miR-708 expression is attenuated in renal cancer
Total RNA was extracted from normal renal (HK2) and primary RCC (A498 and Caki2) cell lines and miRNA expression profiling was done to identify dysregulated miRNAs in RCC (data not shown). This screening showed that miR-708 is significantly downregulated in RCC cell lines. We validated the microarray data by real-time PCR analysis and confirmed that miR-708 was downregulated in primary RCC cell lines (Fig. 1A) . To examine the clinical relevance of this finding, we analyzed miR-708 expression in microdissected human renal cancer tissues (n ¼ 38) and matched adjacent normal regions by real-time PCR (Fig. 1B) . Among these tissues, 28 of 38 cases (74%) were clear cell carcinomas (ccRCC), 7 of 38 (18%) were of papillary subtype, 3 of 38 (8%) represented granular cell carcinoma or oncocytoma. While the expression of miR-708 was unaltered in 8 of 38 cases (21%) and higher in 10 of 38 cases (26%), a major fraction of RCC tissue samples (20 of 38, $53%) showed lower miR-708 levels (<75%) relative to matched normal tissues. The differences were statistically significant with the Mann-Whitney U test (P ¼ 0.0179). Patient and tumor characteristics are summarized in Supplementary Table S1 . In both the ccRCC and papillary subtypes, approximately 57% of the samples had lower miR-708 expression compared with normal adjacent tissues. We further assessed whether miR-708 expression in clinical tissues correlated with clinicopathologic characteristics such as pathologic stage and Fuhrman grade (Fig. 1C) . Decreased miR-708 expression was observed in 55% cases of pT1 and 78% cases of higher stage (pT2 þ pT3) RCC. These data suggest that cases with advanced pathologic stage had decreased miR-708 expression compared with adjacent normal tissues (P ¼ 0.041). However, no statistically significant correlation was observed between miR-708 expression and Fuhrman grade. We extended our analysis of clinical specimens by assessing miR-708 levels in 20 additional cases of ccRCC and matched normal adjacent tissues by in situ hybridization analysis and again observed attenuated expression of miR-708 in approximately 60% of RCC tissues compared with normal tissues (Fig. 1D) . These results suggest a potential tumor suppressor role for miR-708 in renal carcinoma.
Regulation of miR-708 locus
Human miR-708 gene is located at chromosomal position 11q14.1. miR-708 is an intronic miRNA that is located in the first intron of a coding gene, ODZ4 (odz, odd Oz/ten-m homolog 4; Drosophila; Fig. 1E ), which is transcribed in the same direction as miR-708. ODZ4 (also called Teneurin-4) is a homolog of a Drosophila pair-rule gene that encodes a transmembrane protein involved in intercellular signaling during development (19, 20) . To determine whether miR-708 is coordinately transcribed with its host gene, we assessed ODZ4 expression in the same RCC cell lines by RT-PCR. We found that ODZ4 expression is similarly downregulated in A498 and Caki2 cell lines as compared with the nontumorigenic epithelial cell line HK2 indicating that transcription of miR-708 may be coupled with its host gene (Fig. 1E) . Further, trichostatin A, a pharmacologic inhibitor of histone deacetylases, increased miR-708 expression alone or in combination with the demethylating agent, 5-aza-2 0 -deoxycytidine ( Supplementary Fig. S1 ), suggesting that this locus is epigenetically regulated primarily by histone modifications in RCC.
miR-708 reexpression suppresses tumorigenicity in vitro
To assess the potential for a tumor suppressive role of miR-708, we reexpressed miR-708 in primary RCC cell lines (A498 and Caki2) followed by functional assays. Transient transfection of miR-708 precursor led to overexpression of miR-708 as determined by real-time PCR ( Fig. 2A) . Reexpression of miR-708 led to marked morphologic changes in both the cell lines (Fig. 2B ). Specifically, a pronounced decrease in the fraction of elongated, spindle-shaped cells was paralleled by an increase in rounded, apoptotic cells. The morphologic alterations observed with miR-708 reexpression suggested a profound increase in apoptotic cells. This was confirmed by staining with Annexin V-FITC followed by fluorescence microscopy ( Supplementary Fig. S2 ). A significant decrease in cell viability was observed over time in A498/Caki2 cells overexpressing miR-708 (Fig. 2C) as compared with cells expressing control miR (miR-CON). miR-708 reexpression also decreased clonogenicity of A498/Caki2 cells compared with miR-CON (Fig. 2D) . Transwell migration and invasion assays showed that miR-708 reintroduction decreased the migration (Fig. 2E) and invasion (Fig. 2F ) of both cell lines. These observations suggest that miR-708 reexpression suppresses the tumorigenicity of renal cancer cells in vitro.
Reintroduction of miR-708 induces apoptosis in renal cancer cells
We measured apoptosis in control (mock or miR-CON transfected) and miR-708-transfected cells by flow cytometric analysis of Annexin V-FITC/7-AAD-stained A498 and Caki2 cells (Fig. 3A and B) . It was observed in both 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 the cell lines that the average apoptotic cell fractions (early apoptotic þ apoptotic) were significantly increased upon miR-708 reexpression compared with miR-CON (P < 0.001) or mock-transfected cells (P < 0.001) with a concomitant decrease in the viable cell population. This points to a proapoptotic role of miR-708 and suggests that miR-708 affects apoptotic pathways in regulating tumorigenicity.
We also examined the expression of various apoptotic components by Western blot analysis and found that miR-708 reexpression leads to induction of TNF-related apoptosis-inducing ligand (TRAIL; Fig. 3C ). Also, cleaved caspase-3 and caspase-7 and cleaved PARP were detected by immunoblot analysis (Fig. 3C) , further supporting the fact that miR-708 is a proapoptotic miRNA. BSA was used as negative control. *, P < 0.05.
miR-708 expression reduces adherence of renal cancer cells to extracellular matrix
In view of the observed effects of miR-708 reexpression on the morphology of renal cancer cells and its effect on tumorigenicity, we monitored the ability of miR-708-overexpressing cells to attach to the ECM with in vitro adhesion assays. It was observed that miR-708 reintroduction led to decreased ability to attach to a range of ECM components as compared with control cells (Fig. 3D) . However, adhesion to the negative control bovine serum albumin (BSA) did not differ between miR-708-overexpressing cells and control cells (Fig. 3D) .
Intratumoral delivery of miR-708 leads to regression of tumors in a renal cancer xenograft model
Because the in vitro data showed an antitumorigenic role for miR-708 in RCC, we examined the therapeutic potential of synthetic miR-708 mimics in vivo in a mouse renal cancer xenograft model. Nude mice were subcutaneously inoculated with A498 cells and maintained until the tumor cells had formed solid, palpable tumors with an average volume of 100 to 150 mm 3 . Thirty days following inoculation, miR-708 or a negative control miRNA was repeatedly administered by intratumoral injections every 3 days. All mice were killed on day 58. As shown in Fig. 4A and B, intratumoral delivery of synthetic miR-708 induced a specific inhibitory response and robustly interfered with tumor growth compared with control mice. To correlate the therapeutic response with delivery of miR-708, RNA was extracted from harvested tumors and miR-708 expression was assessed by quantitative RT-PCR. Tumors injected with miR-708 mimic contained approximately 5,000-fold more miR-708 than control tumors (Fig. 4C) .
miR-708 targets a cohort of genes in renal cancer cells
To identify effectors of miR-708, we used the miRANDA (21) algorithm that predicts the mRNA targets of a miRNA. Guided by the target prediction algorithms, we carried out Western blot analysis for putative miR-708 targets in A498 cells that were either mock transfected or transfected with miR-708/ miR-CON (Fig. 5A) . Consistent with the observed effects of miR-708 on apoptosis and cellular adhesion, we found key molecules of these cellular processes as direct targets of miR-708. miR-708 overexpression led to decreased protein levels of survivin, a small inhibitor of apoptosis protein that is differentially expressed in cancer (22) in renal cancer progression and metastasis (23, 24) . Also, miR-708 repressed the protein levels of melanoma cell adhesion molecule (MCAM) which plays an important role in malignant progression and tumor metastasis (25) . Interestingly, miR-708 repressed the protein levels of transcription factor ZEB2, a transcriptional repressor that regulates the expression of E-cadherin and epithelial-to-mesenchymal transition (EMT; 26, 27) . In keeping with this novel finding, examination of E-cadherin levels in miR-708-transfected cells showed that miR-708 reexpression augments the levels of this epithelial marker and represses fibronectin. Also, miR-708 inhibited the expression of polycomb repressor, BMI1. We investigated whether the 3 0 -UTR of ZEB2 and BMI1 are functional targets of miR-708 in renal cancer. Transient transfection of human A498 cancer cells with the respective 3 0 -UTR plasmids along with different concentrations of miR-708 precursor led to a significant decrease in promoter activity when compared with the control vector ( Fig. 5B and C) suggesting that miR-708 directly represses these genes. The luciferase activity of the reporter vectors containing a mutated 3 0 -UTR of the showing putative miR-708 target sites and luciferase activity assay with respective wild-type and mutant luciferase constructs and control construct cotransfected with increasing concentrations of miR-CON/miR-708. For all luciferase activity assays, firefly luciferase values were normalized to renilla luciferase activity and plotted as relative luciferase activity. *, P < 0.05.
respective genes was unaffected by miR-708. These observations led us to conclude that miR-708 regulates a cohort of genes which play an important role in cellular survival, adhesion, invasion, and metastasis.
Survivin is a direct target of miR-708 miR-708 significantly reduced the expression (Fig. 5A ) of survivin in A498 cells. The 3 0 -UTR of survivin mRNA has 3 putative miR-708 binding sites (Fig. 6A) . We carried out luciferase reporter assays with the survivin construct in miR-203/miR-CON-expressing A498 cells (Fig. 6A) and observed a consistent reduction of luciferase activity upon miR-708 transfection suggesting that miR-708 represses survivin directly. We also examined expression of survivin mRNA in 12 pairs of human tissue samples from Fig. 1B to determine whether there was an inverse relationship between survivin and miR-708 expression. The relative level of survivin expression in normal versus tumor tissue is shown in Fig. 6B . Survivin expression was inversely correlated with miR-708 expression in these tested samples (P ¼ 0.0001), further supporting the idea that miR-708 directly regulates survivin levels in RCC. To further validate survivin as a direct target, we extracted tumor RNA from the renal cancer xenograft mouse model study (Fig. 4) , and asked whether intratumoral administration of miR-708 alters survivin expression. Analysis of relative survivin expression in these tumors showed that miR-708-injected tumors show a lower average expression of survivin than control tumors (Fig. 6C) . 
Survivin knockdown partially phenocopies miR-708 reexpression in renal cancer cells
In view of the observed profound effects of miR-708 on apoptosis, we sought to determine whether miR-708 mediates its antitumorigenic effects primarily through survivin. To address this, we treated A498 cells with survivin siRNA followed by functional assays. RT-PCR and immunoblot analysis confirmed specific knockdown of survivin by siRNA (Fig. 7A) . As expected, survivin siRNA-transfected cells assumed a rounded, apoptotic morphology (Fig. 7B ) similar to the phenotype observed upon miR-708 overexpression in A498 cells. Apoptosis assay showed that apoptotic cell fractions (early apoptotic þ apoptotic) were significantly increased upon survivin knockdown compared with control siRNA-treated cells (P ¼ 0.018) as observed upon miR-708 reexpression (Fig. 7C) . Treatment with survivin siRNA also led to decreased proliferation and clonogenic survival of A498 cells (Supplementary Fig. S3 ). These results suggest that the growthsuppressive effects of miR-708 are in part facilitated by survivin downregulation.
Discussion
In this study, we identify a crucial tumor-suppressive miRNA, miR-708, that plays an important role in renal carcinogenesis. Several prior studies have reported on the dysregulation of various miRNAs in RCC (7) (8) (9) (10) . However, this is the first report that implicates miR-708 in the pathogenesis of RCC. In contrast to nontumorigenic immortalized renal epithelial cells, tumorigenic cell lines A498 and Caki2 contained low amounts of miR-708, suggesting that miR-708 may have tumor-suppressive activity. Assessment of miR-708 in human kidney tissues also pointed to a statistically significant attenuation of miR-708 expression in approximately 50% to 60% of RCC cases. A limitation to our study was the relatively small number of clinical samples at our disposal. Further studies with more clinical samples are warranted.
In addition, our in vitro and in vivo data suggest that reexpression of miR-708 suppresses tumorigenicity confirming the tumor-suppressive role of miR-708 in RCC.
Apoptosis is a well-orchestrated cellular mechanism that balances cell proliferation and cell death. In fact, the ability to evade apoptosis is a hallmark of tumorigenesis. Here we discovered an important proapoptotic role of miR-708. miR-708 reexpression led to dramatic induction of apoptosis concomitant with cleavage of caspase-3 and caspase-7 in RCC cell lines. Also, our study suggests that miR-708 is a regulator of death receptor TRAIL that selectively induces apoptosis in tumor-derived cell types through caspase activation and is a promising antitumor agent (28) . Recent findings show that miRNAs regulate death receptors and pro-and antiapoptotic genes involved in programmed cell death pathways (29, 30) . miR-337 led to induction of caspase-3 activity (31) . In this study, we found that miR-708 is a novel miRNA that regulates apoptosis in renal cancer cells. In addition, miR-708 impairs the ability of renal cancer cells to attach to ECM components. Our results show that miR-708 can pleiotropically regulate a cohort of genes that play a role in cellular survival, adhesion, invasion, and metastasis. Among the putative targets of miR-708, we have validated that survivin is an important target. Survivin knockdown studies suggest that the proapoptotic role of miR-708 may be mediated primarily through regulation of survivin. In addition, lower expression of survivin in miR-708 xenografts provide evidence that the mechanism we identified in cell lines is repeatable in xenograft tumor cells. miR-708-mediated regulation of survivin is a highly significant finding as this nodal protein orchestrates extensive, tumorspecific signaling networks and is an attractive drug target (32) . Survivin is a regulator of cellular homeostasis, modulating cell death, survival, the cell cycle, and microtubule dynamics (22) . Survivin expression is an independent predictor of ccRCC progression and death from RCC (33) . Survivin expression has been correlated with several adverse pathologic features in ccRCC including tumor size, nuclear grade, tumor-node-metastasis (TNM) classification, presence of metastatic disease, coagulative tumor necrosis, and sarcomatoid differentiation. Thus, survivin has the potential to be important in disease prognosis and to serve as a novel target for the development of new adjuvant therapies (34) .
Interestingly, we found that BMI1 and ZEB2 are targets of miR-708. BMI1, a member of the polycomb-repressive complex 1 (35, 36) is frequently overexpressed in cancers (37) (38) (39) . Overexpression of BMI1 in carcinoma cell lines resulted in the acquisition of EMT characteristics, induction of stemcell markers and enhancement of tumor-initiating capability (40) . ZEB2, a repressor of E-cadherin (CDH1), coordinates EMT, a key embryonic process (41) that is reactivated during tumorigenesis. Recent evidence indicates that ZEB transcription factors may also regulate apoptosis and senescence apart from regulation of EMT (42, 43) . Our results suggest that miR-708 reexpression induces apoptosis and also causes decreased motility and invasiveness. Because of the predominant and dramatic proapoptotic effects of miR-708, decreased migratory and invasive properties may be caused partly by effects on apoptosis. However, our present results showing that in addition to targeting survivin, miR-708 also causes reduced expression of EMT regulators ZEB2 and BMI1 concomitant with induction of E-cadherin expression and repression of fibronectin expression suggests that miR-708 may also affect migration and invasion directly. A recent study suggests that miR-200c represses ZEB1 and ZEB2 and also regulates induction of apoptosis through the death receptor CD95 (44) .
In conclusion, our study identifies miR-708 as an important miRNA that regulates renal carcinogenesis through a cohort of effectors. This study shows that miR-708 plays an important role as a proapoptotic miRNA in renal cancers. In view of our present results showing an attenuation of miR-708 expression in human RCC clinical specimens and the suppression of tumorigenicity upon restoration of miR-708 expression, we hypothesize that miR-708 may be an attractive target for prognostic and therapeutic interventions in RCC. Furthermore, our in vivo data showing growth inhibition of established renal tumor xenografts by intratumoral delivery of synthetic miR-708 oligonucleotides support the therapeutic potential of this novel miRNA in RCC.
Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed. 
